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WRWKHIXQFWLRQDOLW\RIWKHEXLOWHQYLURQPHQWDQGFDQVHYHUHO\GDPDJHGLIIHUHQWLQIUDVWUXFWXUHVHJEULGJHVEXLOGLQJV
HWFGLVWXUELQJDFLW\¶VDELOLW\WRGHOLYHUDSURSHUVHUYLFHWRWKHFRPPXQLW\'HVSLWHLWVLPSRUWDQFHILUHVDIHW\LVVXHV
DUHVWLOOPRVWO\FRQVLGHUHGDWWKHOHYHORILQGLYLGXDOHOHPHQWVGLVUHJDUGLQJSRVVLEOHFDVFDGLQJHIIHFWVDQGJOREDOLPSDFW
RQWKHV\VWHPIXQFWLRQDOLW\,QWKLVFRQWH[WWKLVSDSHUDLPVDWUHYLHZLQJWKHDSSOLFDWLRQVRIUHVLOLHQFHIUDPHZRUNWR
RWKHUW\SHVRIKD]DUGVDQGDWSUHVHQWLQJDQRYHUYLHZRIXUEDQLQIUDVWUXFWXUHUHVLOLHQFHWRILUHGLVDVWHU
5HVLOLHQFHIUDPHZRUN
7KHFRQFHSWRIUHVLOLHQFHKDVEHHQHYROYLQJLQWKHSDVWIHZ\HDUV$\\XE>@SURYLGHVDFRPSUHKHQVLYHUHYLHZRI
H[LVWLQJGHILQLWLRQVIRUWKHWHUPUHVLOLHQFHLQWKHOLWHUDWXUH
x ,QWKH863UHVLGHQWLDO3ROLF\'LUHFWLYH>@RQ&ULWLFDO,QIUDVWUXFWXUH6HFXULW\DQG5HVLOLHQFHWKHWHUPUHVLOLHQFH
PHDQV ³WKH DELOLW\ WR SUHSDUH IRU DQG DGDSW WR FKDQJLQJ FRQGLWLRQV DQG ZLWKVWDQG DQG UHFRYHU UDSLGO\ IURP
GLVUXSWLRQV´
x 7KH861DWLRQDO5HVHDUFK&RXQFLO>@GHILQHGUHVLOLHQFHDVWKHDELOLW\WRSUHSDUHDQGSODQIRUDEVRUEUHFRYHU
IURP RU PRUH VXFFHVVIXOO\ DGDSW WR DFWXDO RU SRWHQWLDO DGYHUVH HYHQWV DV D FRQVLVWHQW GHILQLWLRQ ZLWK 86
JRYHUQPHQWDODJHQF\GHILQLWLRQV
x %UXQHDXHWDO>@LQYHVWLJDWHGDFRQFHSWXDOIUDPHZRUNIRUVHLVPLFUHVLOLHQFHWKDWLVDOVRXVHIXOIRUDFRRUGLQDWHG
UHVHDUFK HIIRUW DQG OLVWHG FKDUDFWHULVWLFV RI UHVLOLHQFH WR LQFOXGH UREXVWQHVV UHGXQGDQF\ UHVRXUFHIXOQHVV DQG
UDSLGLW\
7KH PRVW FXUUHQW UHVLOLHQFH IUDPHZRUN DV LW DSSOLHV WR WKH FRQWH[W RI FRPPXQLW\ SHUIRUPDQFH LQ FDVH RI D
GLVWXUEDQFHLVVKRZQLQ)LJ

)LJ5HVLOLHQFHIUDPHZRUNDGRSWHGIURP>@>@
7KH ILJXUH VKRZV WKDWZLWK WLPH WKHFRPPXQLW\PD\PDLQWDLQ WKH OHYHORI IXQFWLRQDOLW\ HQKDQFH WKH OHYHOE\
LPSURYLQJWKHVWDWXVRIGLIIHUHQWFRPSRQHQWVV\VWHPVRUH[SHULHQFHDGHFOLQHLQIXQFWLRQDOLW\GXHWRDJLQJ$VXGGHQ
VKRFN WR WKH FRPPXQLW\ VXFK DV DQ HDUWKTXDNH KXUULFDQHPDQPDGHGLVDVWHU HWF FDXVHV D VXGGHQGURS LQ WKH
RSHUDELOLW\RIWKHV\VWHPVLQWKHFRPPXQLW\5HVLOLHQFHLVUHODWHGWRWKHUHVLGXDOOHYHORIIXQFWLRQDOLW\DIWHUWKHHYHQW
DQGWRWKHUHVWRUDWLRQWLPHWRUHWXUQWRQRUPDORSHUDWLRQ$WWLPHVGXULQJUHVWRUDWLRQDQGUHSDLUVWKHFRPPXQLW\PD\
UHWXUQWRDIXQFWLRQDOLW\OHYHOKLJKHUWKDQWKDWRISULRUWRWKHGLVWXUEDQFH
,PSOHPHQWDWLRQRIUHVLOLHQFHIUDPHZRUNIRUKD]DUGVRWKHUWKDQILUH
&RPPXQLW\UHVLOLHQFHWRGLVDVWHUKDVEHHQSULPDULO\LQYHVWLJDWHGIRUHYHQWVWKDWVLJQLILFDQWO\DIIHFWZLGHDUHDVDQG
WHVW WKH FRPPXQLW\ RQ D ODUJH VFDOH HJ HDUWKTXDNHV WVXQDPLV RU IORRGLQJ ,Q HDUWKTXDNH HQJLQHHULQJ HQVXULQJ
UHVLGXDOIXQFWLRQDOLW\DQGUDSLGUHFRYHU\LVQRZUHFRJQL]HGDVDQHVVHQWLDOREMHFWLYHLQDGGLWLRQWROLPLWLQJIDWDOLWLHV
DQGGLUHFWGDPDJHWREXLOGLQJVDQGLQIUDVWUXFWXUHV7KLVZDVH[HPSOLILHGE\WKHIXOOUHFRYHUDQGUHEXLOGLQJRIWKHDUHD
VWUXFNE\WKH/¶$TXLODHDUWKTXDNHLQ>@,QWKLVFRQWH[WPDQ\UHVHDUFKZRUNVKDYHEHHQFRQGXFWHGWRTXDQWLI\
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WKH VHLVPLF UHVLOLHQFH RI FRPPXQLWLHV )RU LQVWDQFH &LPHOODUR HW DO >@ SURYLGHG D IUDPHZRUN IRU TXDQWLWDWLYH
GHILQLWLRQ RI UHVLOLHQFH XVLQJ DQ DQDO\WLFDO IXQFWLRQ WKDW FDQ ILW ERWK WHFKQLFDO DQG RUJDQL]DWLRQDO LVVXHV 7KH
PHWKRGRORJ\ZDVDSSOLHGWRWZRKHDOWKFDUHIDFLOLWLHV)UDQFKLQDQG&DYDOLHUL>@SUHVHQWHGDQRYHOPHWULFRIQHWZRUN
EDVHGUHVLOLHQFHWKDWIRFXVHVRQWKHHYROXWLRQRIHIILFLHQF\RIFRPPXQLFDWLRQEHWZHHQFLWL]HQVGXULQJWKHUHDOORFDWLRQ
RI GLVSODFHG SRSXODWLRQ DIWHU WKH HYHQW 6LPLODU LVVXHV DUH LQYHVWLJDWHG DV UHJDUGV WR IORRGLQJ HJ +DUUDOG >@
GHYHORSHGPRGHOVDQGPHDVXUHVWRSUHGLFWDQGFRPSDUHWKHUHVLOLHQFHRIFRDVWDOFRPPXQLWLHV¶VXEMHFWWRSRWHQWLDO
FDWDVWURSKLFFRDVWDOIORRGLQJ
$WDPRUHORFDOL]HGVFDOH4XLHOHWDO>@WDFNOHGUHVLOLHQFHZLWKUHVSHFWWREODVWORDGLQJ+HSURSRVHGDIUDPHZRUN
WKDWIRFXVHVVROHO\RQWKHDPRXQWDQGVHYHULW\RIGDPDJHLQIOLFWHGE\DKD]DUGHYHQWVRWKDWLWLVDFFHVVLEOHWRVWUXFWXUDO
HQJLQHHUVLQSUDFWLFHDVVXPLQJWKHQWKDWUHVLOLHQFHFDQEHLQIHUUHGE\FRUUHODWLQJWKHDPRXQWRIUHTXLUHGUHFRYHU\WR
WKHH[WHQWRIGDPDJH
(QVXULQJUHVLOLHQFHWRYDULRXVGLVDVWHUVKDVWKXVEHFRPHDPDMRUJRDOIRUVWUXFWXUDOHQJLQHHUV,WLVXVHIXOWRDGRSW
DFRPPRQGHILQLWLRQDQGJHQHUDOIUDPHZRUNIRUUHVLOLHQFHLQGHSHQGHQWO\RIWKHKD]DUGFRQVLGHUHG+RZHYHULQGHSWK
DQDO\VHVOHDGLQJWRGHYHORSPHQWRIUHFRPPHQGDWLRQVDQGUHIRUPXODWLRQRIGHVLJQFRGHVGHPDQGFRQVLGHUDWLRQRIWKH
VSHFLILFLWLHVRIHDFKW\SHRIKD]DUG
6SHFLILFLWLHVRIVWUXFWXUDOILUHHQJLQHHULQJ
7KH UHVLOLHQFH IUDPHZRUN UHTXLUHV HYDOXDWLQJ WKH GLUHFW FRQVHTXHQFH RI WKH GLVDVWHUZKLFK LQ WKH FDVH RI ILUH
HQJLQHHULQJLVWKHSHUIRUPDQFHRIWKHVWUXFWXUHDJDLQVWILUHKD]DUG7KUHHSUREOHPVKDYHWREHVROYHGZKHQPRGHOOLQJ
WKHEHKDYLRXURIDVWUXFWXUHVXEMHFWHGWRILUHILUHGHYHORSPHQW\LHOGLQJWKHJDVWHPSHUDWXUHHYROXWLRQLQWKHYLFLQLW\
RI WKH VWUXFWXUH  KHDW WUDQVIHU SURFHVV \LHOGLQJ WKH WHPSHUDWXUHV LQ WKH VWUXFWXUDO HOHPHQWV DQG WKHUPR
PHFKDQLFDOUHVSRQVH\LHOGLQJWKHEHKDYLRXURIWKHVWUXFWXUDOV\VWHPLHVWUHVVHVGHIOHFWLRQVHWF$EULHIUHYLHZRI
WKHWKUHHSUREOHPVLQWKHILUHHQJLQHHULQJSUDFWLFHLVUHSRUWHGKHUHEHORZ
,QDSUHVFULSWLYHDSSURDFKWKHILUHGHYHORSPHQWLVGHILQHGE\QRPLQDOWHPSHUDWXUHWLPHFXUYHVVXFKDVWKH,62
 KHDWLQJ FXUYH >@&RQYHUVHO\ LQ D SHUIRUPDQFHEDVHG DSSURDFK WKHPRGHOV DLP DW GHULYLQJ SK\VLFVEDVHG
WKHUPDODFWLRQVWRFDSWXUHPRUHFORVHO\WKHUHDOVLWXDWLRQ'LIIHUHQWPRGHOOLQJVWUDWHJLHVDUHDYDLODEOHGHSHQGLQJRQ
WKHSUREOHPIHDWXUHV,QEXLOGLQJVFRPSDUWPHQWILUHPRGHOVFDQEHDGRSWHGXQGHUFHUWDLQDVVXPSWLRQV7KHVHLQFOXGH
WKHVLPSOLILHGSDUDPHWULFWHPSHUDWXUHWLPHFXUYHVRI(1>@RUWKHPRUHDGYDQFHG]RQHPRGHOVZKLFKDUH
EDVHGRQWKHGLIIHUHQWLDOHTXDWLRQVIRUHQHUJ\DQGPDVVEDODQFH:KHQIODVKRYHULVXQOLNHO\WRRFFXUIRULQVWDQFHLQ
ODUJHRSHQVSDFHVORFDOL]HGILUHPRGHOVVXFKDVWKH+DVHPLPRGHOVKRXOGEHSUHIHUUHG)LQDOO\FRPSXWDWLRQDOIOXLG
G\QDPLFVPRGHOVPD\EHHPSOR\HGWRDQDO\VHVSHFLILFDQGRUFRPSOH[FRQILJXUDWLRQV3HUIRUPDQFHEDVHGPRGHOV
KDYHWKHDGYDQWDJHRIPRGHOOLQJWKHIXOOILUHGHYHORSPHQWLQFOXGLQJWKHFRROLQJSKDVHXQWLOEXUQRXW
7KHKHDWWUDQVIHUSURFHVVFRQVLGHUVFRQGXFWLRQWKURXJKWKHVWUXFWXUDOPHPEHUFURVVVHFWLRQVDQGFRQYHFWLRQDQG
UDGLDWLRQDWWKHERXQGDULHVEHWZHHQWKHPHPEHUVDQGWKHHQYLURQPHQW6LPSOLILHGILQLWHGLIIHUHQFHPHWKRGLHOXPSHG
PDVVDUHDYDLODEOHIRUPHPEHUVDQGPDWHULDOVIRUZKLFKWKHWKHUPDOJUDGLHQWWKURXJKWKHVHFWLRQLVQHJOLJLEOHHJ
VOHQGHUVWHHOSURILOH)RUFRQFUHWHPDWHULDOWKHOXPSHGPDVVPHWKRGFDQDOVREHXWLOL]HGEXWWKHFURVVVHFWLRQPXVW
EH GLYLGHG LQWR VHSDUDWH ]RQHV 7DEXODWHG YDOXHV KDYH EHHQ GHULYHG IRU FURVV VHFWLRQV VXEMHFWHG WR VWDQGDUG RU
HTXLYDOHQWILUHFXUYHV)RUDOOILUHUHJLPHVPDWHULDOW\SHVDQGLUUHJXODUJHRPHWULHVDGYDQFHGPHWKRGVVXFKDVWKH
ILQLWHHOHPHQW)(PHWKRGFDQEHXWLOL]HG
7KHILUHORDGFDXVHVWKHPDWHULDOWHPSHUDWXUHWRFKDQJHZKLFKFUHDWHVFKDQJHVLQWKHPDWHULDOVWUHVVVWUDLQFXUYHV
DVZHOODVLQWHUQDOIRUFHVGXHWRWKHUPDOHORQJDWLRQ7KHWKHUPRPHFKDQLFDOUHVSRQVHFDQEHHVWLPDWHGLQVWUXFWXUDO
PHPEHUV\VWHPRUFRPPXQLW\OHYHODSSURDFKHV7KHPRVWWUDGLWLRQDOPHPEHUOHYHODSSURDFKLVWRXVHVWDQGDUGILUH
UHVLVWDQFH UDWLQJV WR TXDQWLI\ WKH EHKDYLRXU RI LVRODWHG VWUXFWXUDOPHPEHUV GXULQJ ILUH ,Q D V\VWHP DSSURDFK WKH
LQWHUDFWLRQV RIPHPEHUVZLWKLQ WKH VWUXFWXUH DUH FRQVLGHUHG 7KH FRPPXQLW\ OHYHO DSSURDFK DLPV DW FRQVLGHULQJ
GLIIHUHQWW\SHVRIVWUXFWXUHVDQGHYDOXDWLQJWKHRYHUDOOUHVLOLHQFHWRILUHKD]DUG>@>@6LPSOHFDOFXODWLRQPRGHOV
KDYHEHHQSURSRVHGWRDVVHVVSHUIRUPDQFHRILVRODWHGPHPEHUVKRZHYHUGXHWRKLJKQRQOLQHDULWLHVLQPDWHULDODQG
JHRPHWU\DGYDQFHGQXPHULFDOPHWKRGVDUHUHTXLUHGIRUVWXG\LQJILUHSHUIRUPDQFHRIVWUXFWXUDOV\VWHPV
*LYHQWKHKLJKOHYHORIXQFHUWDLQWLHV LQSDUDPHWHUV LQYROYHGLQDQDO\VLQJVWUXFWXUHV LQILUHVXFKDVILUH ORDGRU
PDWHULDOVSURSHUWLHVWKHUHVHDUFKFRPPXQLW\KDVPRYHGWRZDUGVSUREDELOLVWLFIUDPHZRUNVWRHVWLPDWHWKHSUREDELOLW\
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RIVWUXFWXUDOIDLOXUH)RUH[DPSOH*XRDQG-HIIHUV>@SURYLGHGDFRPSDULVRQEHWZHHQWKHILUVWVHFRQGRUGHUUHOLDELOLW\
PHWKRGVDQG0RQWH&DUORDSSURDFKIRUDSURWHFWHGVWHHOPHPEHUXQGHUILUH,QDGGLWLRQWKHSUREDELOLW\RIRFFXUUHQFH
RIWKHILUHPXVWEHHYDOXDWHGIRUSRWHQWLDOILUHORFDWLRQV:KHQTXDQWLI\LQJUREXVWQHVVRIWKHVWUXFWXUDOV\VWHPWRD
JLYHQILUHVFHQDULRWKHVWUXFWXUDOGDPDJHVWDWHDQGWKHLQWHQVLW\RIWKHKD]DUGPXVWEHGHILQHG>@<HWWKHUHLVQR
FRQVHQVXVLQWKHOLWHUDWXUHDQGWKLVTXHVWLRQUHPDLQVFULWLFDOIRUWKHRYHUDOOUHVLOLHQFHDVVHVVPHQWRIVWUXFWXUHV
5HVLOLHQFHWRILUHKD]DUG
$UHFHQWVWXG\E\15&>@KDVKLJKOLJKWHGWKHYXOQHUDELOLW\RIFULWLFDOLQIUDVWUXFWXUHVVXFKDVERUGHUFURVVLQJ
EULGJHVDQGWXQQHOVRUJRYHUQPHQWEXLOGLQJVWRH[WUHPHILUHV7RLPSURYHUHVLOLHQFHWKHVWXG\QRWDEO\UHFRPPHQGV
LQFRUSRUDWLQJ SURSHUW\ SURWHFWLRQ RI FULWLFDO LQIUDVWUXFWXUHVZLWKLQ WKH ILUH VDIHW\ UHTXLUHPHQWV LQ DGGLWLRQ WR WKH
FXUUHQWREMHFWLYHVRI OLIHVDIHW\7KHUROHRIILUVWUHVSRQGHUVGXULQJDQGDIWHUILUHVKRXOGDOVREHIXUWKHUVWXGLHGWR
LPSURYHWKHLUVDIHW\DQGWUDLQWKHPWRUHGXFHWKHILUHGDPDJHZKLFKZRXOGDOORZUHGXFLQJWKHUHFRYHU\WLPHDIWHUD
ILUHHYHQW
,QIUDVWUXFWXUH UHVLOLHQFH WR ILUH FDQEH HYDOXDWHGEDVHGRQ D WKUHHVWDJH DQDO\VLV RI WKH LQIUDVWUXFWXUH UHVLVWLYH
DEVRUSWLYH DQG UHVWRUDWLYH FDSDFLWLHV >@ )LUVW WKH UHVLVWDQW FDSDFLW\ LQ WKH FRQWH[W RI ILUH GLVDVWHU UHIOHFWV WKH
FDSDELOLW\ WRSUHYHQW WKHRFFXUUHQFHRI ILUH DQG WR OLPLW WKH LQLWLDO GDPDJH VKRXOG D ILUHRFFXU5LVNPDQDJHPHQW
PHWKRGVVWLOOQHHG WREHGHYHORSHG WR LGHQWLI\ WKHPRVWHIIHFWLYHPHDVXUHV WR LQFUHDVH WKH UHVLVWDQWFDSDFLW\RIDQ
LQIUDVWUXFWXUH([DPSOHV RIPHDVXUHV LQFOXGH WKH OLPLWDWLRQRI ILUH ORDG WKH XVH RI DFWLYH ILUH SURWHFWLRQ V\VWHPV
VSULQNOHUV RU DSSOLFDWLRQ RI SDVVLYH SURWHFWLRQ LQVXODWLRQ WR NH\ VWUXFWXUDO HOHPHQWV 6HFRQG WKH DEVRUSWLYH
FDSDFLW\IRFXVHVRQFDVFDGLQJHIIHFWVDQGGDPDJHSURSDJDWLRQLQWKHV\VWHP7KHDLPLVWROLPLWWKHPD[LPXPLPSDFW
RIWKHILUHLQRUGHUWRPDLQWDLQWKHODUJHVWSRVVLEOHOHYHORIUHVLGXDOIXQFWLRQDOLW\)LJ7KLVFDQEHDFKLHYHGWKURXJK
UREXVWVWUXFWXUDOGHVLJQWRILUHZKLFKDOORZVWROLPLWWKHFRQWULEXWLRQRILQGLUHFWULVNWRWKHWRWDOULVN>@7KLUGWKH
UHVWRUDWLYHFDSDFLW\LVOLQNHGWRWKHWLPHWRUHFRYHU\DIWHUILUH)LJ5HVLOLHQWV\VWHPVKDYHWKHDELOLW\WREHUHSDLUHG
TXLFNO\DQGHIILFLHQWO\,QFDVHRILQIUDVWUXFWXUHVXEMHFWHGWRILUHDQH[DPSOHRINH\LVVXHLVWKHDVVHVVPHQWRIWKH
GDPDJHOHYHODQGUHVLGXDOORDGEHDULQJFDSDFLW\DIWHUILUH7KLVDVVHVVPHQWLPSDFWVWKHUHSDLUGHFLVLRQVDQGKHQFHWKH
WLPH WR UHVWRUH IXQFWLRQDOLW\5HFHQW UHVHDUFKKDVH[SORUHG WKLVTXHVWLRQ>@EXWDGGLWLRQDOHIIRUWVDUH UHTXLUHG WR
IDFLOLWDWHHIILFLHQWDQGVZLIWUHLQVWDWHPHQWRIIXQFWLRQDOLW\DIWHUILUH
&RQFOXVLRQV
7KHSDSHUSUHVHQWVDQRYHUYLHZRQXUEDQFRPPXQLW\UHVLOLHQFHWRGLVDVWHUV)LUHGLVDVWHULQDQXUEDQLQIUDVWUXFWXUH
FRXOGKDYHGHYDVWDWLQJHIIHFWVWRWKHFRPPXQLW\7RDFFHVVWKHUHVLOLHQFHDJDLQVWILUHDIUDPHZRUNLQVSLUHGE\RWKHU
PDMRUKD]DUGVWKDWDIIHFWZLGHDUHDVVXFKDVHDUWKTXDNHLVUHFRPPHQGHG7KHIUDPHZRUNVKRXOGEHEDVHGRQUHVLVWLYH
DEVRUSWLYHDQGUHVWRUDWLYHFDSDFLWLHVWRHQKDQFHWKHLQIUDVWUXFWXUHUHVLOLHQFHE\PLQLPLVLQJWKHLPSDFWRIWKHILUHRQ
UHVLGXDOIXQFWLRQDOLW\DQGOHQJWKRIUHFRYHU\7KHNH\LVVXHLVWRSURYLGHDIUDPHZRUNWKDWLVFDSDEOHRITXDQWLWDWLYHO\
HVWLPDWLQJ WKH V\VWHP UHVLOLHQFH E\ UHO\LQJ RQ HQJLQHHULQJ SDUDPHWHUV WKDW FDQ EH XVHG LQ WKH GHVLJQ SURFHVV E\
SUDFWLWLRQHUV
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